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SUMMARY

A visual protocol for Reentry Vehicle On-Site Inspections (RVOSIs) is prescribed by the Strategic
Arms Reduction Treaty (START) on the Reduction and Limitation of Strategic Offensive Arms as
the method to verify that missiles carry no more reentry vehicles than the number of attributed
warheads. In developing goals for research and development of treaty verification technologies, the
Defense Nuclear Agency (DNA) commissioned this study to investigate technology solutions for
RVOSIs as alternatives to the visual inspection protocol. The study was also to address the applica-
bility of RVOSI technologies to potential future arms control issues related to assuring limitations
on the number of warheads a missile may carry. Technologies were evaluated for their ability to
satisfy the requirements of START, as well as new requirements stimulated by the START ll agree-
menL

The task of this study group was to develop and evaluate possible RVOSI scenarios and to make
recommendations for research and technology implementation. We identified RVOSI technology
candidates and evaluated their advantages or disadvantages compared to the visual protocol, with
regard to inspection confidence, cost, intrusiveness, operational impact, and inspector burden.
Comparisons of the technologies that we evaluated also helped us determine whether each technol-
ogy met a number of potential RVOSI objectives for specific types of missile systems. This process
allowed us to evaluate how different inspection goals provide different motivations for developing a
technology solution for the RVOSI task.

We found no clear indication that the use of a technology would eliminate intrusiveness or opera-
tional impact concerns associated with the visual inspection protocol, and technologies are unlikely
to offer cost savings over visual inspections. The only potential advantages are that the use of tech-
nologies may offer additional inspection capabilities (such as identification of nuclear warheads
rather than reentry vehicle (RV) shaped objects) and could enhance inspection confidence (as in the
START II case, where a single warhead would be allowed on a missile designed to carry multiple
warheads).

We found no technology to recommend for advanced development at this time. However, we identi-
fied a number of research issues to further assess how inspection confidence or capability could be
enhanced by the use of a technology inspection. Our recommendations focus on passive radiation
detection technologies, because of their ability to identify nuclear warheads as opposed to other
missile system attributes. As deep cuts are made in arsenals and as missiles carry nuclear payloads
much smaller than their designed throw weight would allow, we believe that the motivation for
RVOSI will focus on nuclear warhead counting rather than RV attribution. Our recommendations
cover five topics: analytic modeling studies, additional experimental studies, data processing issues,
inspection system definition for advanced development, and confidence studies.

Our recommendations for analytic modeling study focus on radiation transport modeling studies in
conjunction with all passive radiation detection techniques. We found it difficult to evaluate the
confidence that can be placed in various technologies when they are applied to Russian configura-
tions. Monte Carlo modeling efforts could determine tradeoffs between neutron and gamma-ray
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detection methods, assess Russian configurations, and support spoofing scenarios. This type of
calculation will be invaluable to DNA in developing their RVOSI technology investment strategy.
Monte Carlo simulations of radiation transport in representative missile systems are our highest
priority recommendation for immediate DNA investment.

Additional experimental work may be required in support of the calculational effort. We particularly
recognize that at this time, the Minuteman LU (MMIMI) missile system still exists in a three-RV
configuration-a "MIRV" (multiple independently targetable reentry vehicle)-but is in the process
of being de-MIRVed to a one-RV configuration. Since we view the former configuration as more '
representative of future U.S. and Russian MIRVed submarine-launched ballistic missiles (SLBMs)
under START HI than the Peacekeeper configuration previously explored, we recommend that a set
of tests similar to the Department of Energy (DOE) sponsored tests against the Peacekeeper be
conducted against the MMIII configuration.

Data processing research was motivated by two assumptions we made in the decision tree process:
(1) that intrusiveness caused by the use of technologies could be adequately reduced through data
processing and (2) that an actual count of RV/warheads could be converted to a "not more than X"
readout. We understood in making these assumptions that several barriers, both technical and politi-
cal, would have to be overcome in order for this assumption to be fully realized. Consequently, we
encourage DNA to invest in developing and proving--and therefore building confidence in-
concepts that allow this kind of processing.

As we studied technologies, we found that our uncertainty of inspection system requirements often
prohibited us from making adequate evaluations. Before any system is further developed, policy
decisions must be made that further define the engineering details of many systems, and that may
eliminate others. Technical evaluation of the techniques studied can identify tradeoffs between
technologies, but the team felt unqualified to eliminate technologies because of unacceptable inspec-
tor burden, missile access restrictions, or changes in arsenals as arms reductions proceed.

Although confidence in the ability of a technology to complete an inspection was our most important
evaluation factor, we found that no technology had been tested adequately for us to make a quantita-
tive evaluation of reliability or spoof resistance. Enough data have been collected by some of the
passive radiation-detection techniques that some assessment can be made, but any technology that is
further developed will require statistical analysis of the potential for false positive results, serious
spoofing (Red-teaming) studies, and proof of the technology against similar Russian systems.

The RVOSI Technology Study identified no technology that readily solves the problems associated
with START-prescribed visual inspection protocols. Any commitment to hardware development
should be preceded by at least modeling studies of the type discussed above. Technology solutions
for the RVOSI task can be reevaluated in the future if other technologies are developed that intro-
duce new capabilities-Technology development-for RVOSI-appears-to be-primarily of interest if the
technology provides enhanced confidence or additional capability over visual inspections, particu-
lady if it becomes desirable to determine the number of nuclear warheads on board a missile.
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CONVERSION TABLE

Conversion factors for U.S. Customary to metric (SI) units of measurements
MULTIPLY -BY a TO GET
TO GET ' BY ' DIVIDE

angstrom 1.000 000 x E -10 meters (m)
atmosphee (normal) 1.013 25 x E +2 kilo pascal (kPa)
bar 1.000 00 x E +2 kilo pascal (kPa)
barn 1.000 000 x E -28 meter2 (m2)

British thermal unit (thermochemical) 1.054 350 x E +3 joule (J)
calorie (thermochemical) 4.184 000 joule (J)
Cal (therMoChemical)/cm 2  4.184 000 x E -2 mega joule/m2 (MJ/m2)
curie 3.700 000 x E +I *giga becquerel (GBq)
degree (angle) 1.745 329 x E -2 radian (rad)
degree Fahrenheit TK = (T *F+ 459.67)/1.8 degree kelvin (K)
electron volt 1.602 19 x E -19 joule (J)
erg 1.000 000 x E - 7 joule (J)
erg/second 1.000 000 x E -7 watt (W)
foot 3.048 000 x E -1 meter (m)
foot-pound-force 1.355 818 joule (J)
gallon (U.S. liquid) 3.785 412 x E -3 meter3 (M3)

inch 2.540 000 x E -2 meter (m)
jerk 1.000 000 x E +9 joule (J)
joule/kilogram (J/kg) (radiation dose 1.000 000 Gray (Gy)
absorbed)
kilotons 4.183 terajoules
kip (1000 lbf) 4.448 222 x E +3 newton (N)
kip/mch2 (ksi) 6.894 757 x E +3 kilo pascal (kPa)
ktap newton-second/m 2

1.000 000 x E +2 (N-s/m 2)
micron 1.000 000 x E -6 meter (m)
mil 2.540 000 x E -5 meter (m)
mile (international) 1.609 344 x E +3 meter (m)
ounce 2.834 952 x E -2 kilogram (kg)
pound-force (lbs avoirdupois) 4.448 222 newton (N)
pound-force inch 1.129 848 x E -1 newton-meter (N . m)
pound-force/inch 1.751 268 x E +2 newton-meter (N/m)
pound-force/foot 2  4.788 026 x E -2 kilo pascal (kPa)
pound-forcte/inch 2 (psi) 6.894 757 kilo pascal (kPa)
pound-mass (Ibm avoirdupois) 4.535 924 x E -1 kilogram (kg)
pound-mass-foot 2 (moment of inertia) 4.214011 x E -2 kilogram-meter2 (kg. im2)

pound-mass-foot 3  1.601 846 x E +1 kilogram/meter3 (kg/m3)

rad (radiation dose absorbed) 1.000 000 x E -2 **Gray (Gy)
roentgen coulomb/kilogram (C/kg)

2.579 760 x E --4
shake 1.000 000 x E -8 second (s)
slug 1.459 390 x E +1 kilogram (kg)
torr (mm Hg, 00 C) 1.333 22 x E -1 kilo pascal (kPa)

•The becquerel (Bq) is the SI unit of radioactivity; 1 Bq = 1 event/s.
•*The Gray (Gy) is the SI unit of absorbed radiation.
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SECTION 1
INTRODUCTION

The Defense Nuclear Agency (DNA) is tasked, within the Department of Defense, to conduct re-
search, development, test, and evaluation programs for technology issues associated with arms
control and treaty verification. Reentry vehicle on-site inspection (RVOSI) has been identified as a
treaty verification procedure that technology solutions could potentially enhance. In April 1992,
DNA commissioned this study to help define a set of design guidelines for selecting RVOSI tech-
nologies for development and to recommend research and development goals for the DNA RVOSI
technology program.

The START Treaty Between the United States of America and the Union of Soviet Socialist Repub-
lics on the Reduction and Limitation of Strategic Offensive Arms, signed in Moscow, on 31 July
1991, allows for visual inspections to confirm that missiles covered by the treaty carry no more
reentry vehicles (RVs) than the number of attributed warheads. At the onset of this study, the visual
inspection method was viewed as expensive, manpower intensive, intrusive, and operationally
disruptive. Since this method of RVOSI has been negotiated and demonstrated, and protocols care-
fully documented, all other methods for completing RVOSI are compared to this baseline.

The task of this study group has been to develop and evaluate possible RVOSI scenarios and to
make recommendations for research and technology implementation. We did not limit ourselves to
the START criterion (that missiles carry no more RVs than the number of attributed warheads) in
evaluating inspection methods. Technologies that have difficulty in meeting the "no more than"
criterion without significant raw data masking may give an excellent actual count of RVs or of
warheads. As arms reductions proceed, the detection of warheads, which are the actual items of
concern for arms control, may become desirable. As the U.S. reaches future arms control agree-
ments, it may be required to conduct more inspections, and inspection time may become the driving
issue in negotiating future agreements. Finally, initiatives proposed by the President of the Russian
Federation and the President of the United States in June 1992, and formalized in START II, empha-
size de-MIRVing (removal of multiple independently targetable reentry vehicle) of land- based
intercontinental ballistic missiles (ICBMs) and significant downloading of submarine-launched
ballistic missiles (SLBMs).

The study task has evolved through three stages, described in this report. First, we identified and
evaluated possible technologies for the RVOSI task against a set of evaluation factors that the team
developed based on inputs from DNA, policy organizations such as the Joint staff, national security
organizations such as the National Security Agency (NSA), and equipment users, including the on-
site inspection agency (OSIA) and service representatives. Based on these technology evaluations,
we developed a decision-tree process to rank the technologies as they apply to a number of inspec-
tion objectives. Finally, we reviewed the recommendations that resulted from the decision-tree
process in light of the signing of START II in January 1993.



SECTION 2
RVOSI TECHNOLOGY CANDIDATES

The technologies we identified and studied for the RVOSI task were drawn from a large body of
research conducted over many years. The identification of technologies drew heavily on the START
Signature Exploitation Systems Analysis, conducted for DNA by System Planning Corporation [ I],
and on research conducted for the Department of Energy (DOE) Office of Arms Control and Non-
proliferation [2]. Some technologies were developed specifically with the RV counting task in mind,
and some technologies were developed for very different applications. This section describes the
technologies we studied, as well as those we discussed and then eliminated from the study.

The technologies studied fall into four main categories based on the attribute of the missile system
that is measured (that is, based on the signature): passive radiation detection, active radiation tech-
niques, acoustic signatures, and gravity measurements. RV counting using an infrared (IR) signature
was also proposed; however, due to the unavailability of past data and lack of present research
interest in this technology, we omitted it from this study. The IR detection method raised significant
concerns regarding spoofability and failure to produce a readily identifiable signature for the RVOSI
application. Consequently, we feel that the omission of this technology primarily affects only the
completeness of this report and not the outcome.

2.1 PASSIVE RADIATION DETECTION TECHNIQUES.

Of all the technologies studied, researchers have explored passive radiation detection technologies
most fully. Most of the research in these technologies was conducted through DOE-sponsored
programs. RVOSI using these technologies depends on the intrinsic radiation emission of nuclear
warheads. Both gamma-ray and neutron radiation detection approaches have been proposed for the
RVOSI application. Inspection systems that require circumferential access around the missile and
those that make measurements end-on have been proposed and tested. The circumferential scanning
methods measure the azimuthal variation in the gamma-ray or neutron radiation pattern at a fixed
radius from the missile axis. This pattern indicates the number and placement of the warheads.

2.1.1 Neutron Detection.

Neutron detection schemes for RVOSI have been investigated by different research groups. A
system developed by Los Alamos National Laboratory (LANL), passive neutron scanning (PNS),
detects fast neutrons using a BC454 boron-loaded plastic scintillator originally developed for space-
based neutron detectors. This detector, used independently of any other detection technique in a
circumferential scanning mode, was tested at F. E. Warren Air Force Base (FEW AFB) against the
Peacekeeper configuration [2]. .

An RVOSI method developed for the Air Force by SRS Technologies also detects fast neutrons.
It uses four 34e detectors, 1 in. in diameter and 8 in. long, enclosed in a specially fabricated housing
for collimation. The housing is constructed of borated polyethylene on three sides, with a sandwich
made of polyethylene and boron recessed in the collimation cavity on the fourth side. Neutrons
are detected in combination with an x-ray fluorescence technique, which will be described in
Section 2.6, Active Radiaton Techniques. This technique has been tested against the Peacekeeper
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owifigurtion at FEW AFB in a circumferential scanning mode. SRS Technologies completed a
dsign and prof-of-principle testing of this system for end-on inspection [3].

Pacific Northwest Laboratory has developed a directional neutron detector (DND) that was tested
against the Peacekeeper configuration at FEW AFB in a circumferential scanning mode. The DND
measures an azimuthal variation in the neutron radiation pattern at a fixed radius from the missile
axis. The detector is a boron-loaded, plastic scintillator core, surrounded by an active shield of
unloaded plastic scintillator. The DND distinguishes neutrons from gamma rays by strict timing
req ments on three sequential signals, which result from neutron interactions in thi ector [4].

The radiation pattern identification (RAPID) technique developed by Sandia Nationa. oratory
uses both a neutron detector and a gamma-ray detector to provide redundancy and potentially greater
assurance of accuracy in the inspection. The neutron detector uses four 4-e proportional counters in
a linear array embedded in a moderating slab of polyethylene surrounded by a '0B-containing mate-
rial called Flex/Boron. Slabs of polyethylene are also placed on the front and rear sensors. The 3He
counters are I in. in diameter, and the total length is 12 in. with an active length of 11 in. This
technique has been tested twice against the Peacekeeper configuration at FEW AFB in a circumfer-
ential scanning mode [4].

2.1.2 Gamma-Ray Detection.

As noted above, Sandia National Laboratory's RAPID system combines neutron and gamma-ray
detectors in an attempt to improve the reliability of the inspection system. The gamma-ray detector is
a 51-mm-diameter by 152-mm-length NaI(TI) scintillation detector. NaI(Tl) was chosen as the
detector material because it was readily available at Sandia, but other scintillator materials such as
bismuth germinate and cesium iodide should work equally well in this system. The scintillator and
its photomultiplier are mounted in a lead collimator. This technique has been tested twice against the
Peacekeeper configuration at FEW AFB in a circumferential scanning mode [2].

LANL has also developed a circumferential gamma-ray scanning system referred to as passive
gamma scanning (PGS). PGS has used a bismuth germinate (BGO) detector with a 76-mm-diameter
and a 76-mm length. BGO was chosen for its high gamma-ray efficiency, as well as moderate energy
resolution. The detector is mounted in a lead collimator. This technique was demonstrated against
the Peacekeeper configuration at FEW AFB [2].

A different approach to gamma-ray detection has been proposed by Pacific Northwest Laboratory in
the Cooled Optically Stimulated Luminescence (COSL) system, which was tested against the Peace-
keeper configuration in August 1992. This system involves a set of gamma-ray-sensitive LiF dosim-
eters, which can be placed around a missile. When removed and read, these dosimeters give a map-
ping of the high gamma-ray emission regions surrounding the missile, thereby identifying the posi-
tions of-warhcads:l'is method-does-not require cireumferential-scanning,-but does require an
extensive readout process, which requires a liquid nitrogen or other cryogenic cooling system [5].

An "elephant gun" concept, proposed by researchers at LANL, makes use of a highly collimated
gamma-ray detector. This instrument would be mounted at the end of a missile in its launcher and
aligned in such a way that it can verify that no radiation emitter is in its line of sight. Its usefulness is
limited to confirming downloading in existing systems, that is, to confirm that a warhead does not
exist in a given position. Except for the collimator, this untested system would use off-the-shelf
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components. Proof-of-principle testing and extensive operational concept development will be
required before this technique can be reevaluated. The proposed approach of confirming the absence
of warheads rather than the presence of warheads introduces a substantially different approach to
others examined here [6].

2.1.3 End-On Imaging Approaches.

A number of concepts for RVOSI have been proposed that allow an image to be obtained viewing a
missile end-on. All of these techniques depend on gamma detection as the basis for creating the
image. The system that has been developed most fully is the Gamma-Ray Imaging System (GRIS)
developed by Lawrence Livermore National Laboratory (LLNL). GRIS is based on an indirect
imaging technique developed in astrophysics. The detector is a gamma-ray image intensifier, con-
sisting of a thin CsI(Na) scintillator crystal coupled to a position-sensitive photomultiplier tube. A
coded aperture optic, called a uniformly redundant array, is placed in front of the detector. This optic
creates a shadow pattern that can be deconvolved to give an image, while reducing counting times
significantly from those required by a simple pinhole camera. GRIS has been tested against the
Peacekeeper configuration in two demonstrations at FEW AFB [7].

EG&G's Hgl camera has successfully counted surrogate warheads in tests at the Los Alamos
Simulation Facility. The system is based on an array of Hg92 detectors capable of room-temperature
operation. The coded aperture used with this system is a Gabor zone plate. As with GRIS,
deconvolution of a shadow pattern is required to create an image for warhead counting [8].

A concept for end-on imaging for the RVOSI application that surfaced during the course of the study
is a Compton telescope proposed by the Institute for Space Science and Technology. This technol-
ogy uses the Compton scattering of gamma rays in a pair of position-sensitive germanium detector
planes (instead of a coded aperture) to produce the image. The direction of the incoming photon is
determined with reconstruction software. A superposition of the projections of source 7ones from
events in several detector pairs results in a peak that uniquely locates the source. Unlike the GRIS
and the HgI2 camera, this technology is expected to provide 3D imaging capability. The Compton
telescope is undergoing proof-of-principle demonstrations in 1993 at the Naval Research Laboratory
for imaging and characterizing radioactive waste containers [9,10].

We considered and chose not to review a Fourier camera concept and the Einstein camera concept,
because they were either not applicable to the RVOSI task or were judged to provide no advantage
over the three technologies studied.

2.1.4 Coincidence Counting.

The Fission Assay Tomography System (FATS), developed at Idaho National Engineering Labora-
tory, detects gamma-rays-emitted in coincidence following-fissions-in -the-special-nuclear materials
within the warhead in pairs of detectors. FATS consists of a set of 16 Bicron Corporation BC501
liquid scintillators that discriminate between neutron and gamma-ray radiation, front-end electronics,
a computer-based data-acquisition system, and analysis software. FATS uses the arrival time differ-
ences within detector pairs to establish probable positions of the fission sources (warheads). Statisti-
cal analysis of the probable positions, relative to these detector pairs, establishes a true position of
the fission sources. FATS has been tested against the Peacekeeper configuration at FEW AFB [4].
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2 ACTIVE RADIATION TECHNIQUES.

Active radiation techniques require that a radiation source (x-ray tube, gamma-my source such as
"Co. or neutron source) irradiate the inspected object and that a detector record the resulting in-
duced, reflected, or transmitted signaL A diverse set of active radiation techniques were nominated
as RVOSI candidates. In general, these technologies have been less fully explored for the RVOSI
application than the passive radiation detection techniques described above.

One active radiation technique that has been extensively explored was developed for the Air Force
by SRS Technologies. The SRS x-ray fluorescence system, designed for use in combination with a
neutron detector (see a description in Section 2.2, Neutron Detection), is essentially an analysis unit
based on the principle of x-ray spectroscopy. It consists of a shielded x-ray tube source and a filtered
beam collimator, which is used to direct a narrow, divergent, wide-energy-band beam of x-ray
photons to the outer warhead material. The x-rays interact with the very outer layer of the warhead,
causing the high-Z material to fluoresce, emitting characteristic x-rays. A collimated, liquid-nitro-
gen-cooled, shielded x-ray detector and preamplifier detects characteristic fluorescence x-rays,
thereby identifying a warhead. The complete SRS system of x-ray fluorescence and neutron detector
has been tested against the Peacekeeper configuration at FEW AFB [3].

Another technology is the gamma-ray hodoscope, proposed by Argonne National Laboratory (ANL).
This is a gamma-ray transmission imaging technique using tomographic reconstruction. It uses a
"Co source with 32 small Nal detectors and has been demonstrated on 10 lead mockups in a Peace-
keeper configuration. It detects the dense, high atomic number (Z) material of the warhead. The
imaging technique typically uses a 12-angle reconstruction based on the transmission of gamma rays
through the object to be imaged. Because of the intrinsic radiation generated by nuclear warheads, a
background measurement must be made for the RVOSI application. Access on two sides of the
missile shroud is required for implementation of this technology. Tomographic reconstruction can be
completed on a laptop computer [11].
Associated particle imaging techniques have been primarily investigated for other verification
applications. An associated particle technique proposed by EG&G Special Technologies Laboratory
uses the direction and time correlations between fast (14-MeV) neutrons and alpha particles pro-
duced in a sealed-tube neutron generator. Detection of the alpha particle with a position-sensitive
detector provides direction and time of emission of the neutron. The neutron may then interact with
the target nucleus to produce a gamma ray whose energy is characteristic of the target material. The
time detection of the gamma ray is used to locate the neutron-nucleus interaction in the target mate-
rial, while the measurement of gamma-ray energy identifies the elemental composition. This tech-
nology allows single-sided inspection of the contents of sealed packages and containers and has been
targeted at chemical munitions identification. We conducted only a preliminary evaluation of this
associated-particle technique because, since-little testing-has-been-eonducted,-we were concerned
about its capabilities, as well as its intrusiveness [12].

Another implementation related to associated particle imaging is the neutron-reaction hodoscope,
which ANL proposes for inspecting de-MIRVed missiles that have warheads replaced with inert
objects having the same shape and mass. The neutron-reaction hodoscope induces fissions in the
warheads with Cf-252 neutrons and detects the fission neutron emissions using a coarse-resolution
array of detectors. Tomographic reconstruction can be completed on a laptop computer. The neu-
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ron-reaction hodoscope is based on equipment developed for reactor inspection applications, but is
untested for the RVOSI application. We did not rigorously review this technology; however, general
observations on the gamma-ray hodoscope apply to this technology as well [ 13].

Radiography is a mature active radiation-detection technology for many applications, which has
been reviewed for its applicability to a number of verification tasks. Equipment is commercially
available for a wide range of radiographic tasks. The complexity, weight, volume, intrusiveness, and
radiation hazards associated with radiography systems capable of completing the RVOSI task caused
us to abandon a detailed review of this type of system [14].

2.3 ACOUSTIC TECHNIQUES.

Acoustic technologies, developed for nondestructive evaluation (NDE) and for discrimination
between chemical weapons and conventional explosive shells, have only recently been suggested for
the RVOSI application. These techniques are all based on the concept that any object has a number
of natural resonance modes. When the object is excited by an external force with the same frequency
as the resonance frequency, a small excitation will produce large-amplitude vibrations in the object.
Changes in the object will change the natural resonance modes and, consequently, the response to
external excitation. Three methods of exciting the front end of the missile to generate characteristic
resonances corresponding to the number of RVs or warheads in place have been proposed. None of
these techniques has been tested specifically for the RVOSI application.

The Acoustic Resonance Spectroscopy (ARS) approach developed by researchers at LANL employs
two acoustic transducers, one for insonification and the other for reception. All of the early experi-
ments used contact transducers; however, more recent work demonstrates that standoff operation is
possible. ARS uses a sweep frequency signal as the insonification source. The measured output
resulting from the insonification is the frequency response spectrum of the test object. The spectrum
will exhibit peaks that correspond to resonances arising because of the physical structure of the test
object and the properties of the construction materials. The resonance pattern constitutes a signature
for the test object. ARS was developed as an nondestructive evaluation technique and has been
fielded to distinguish chemical-agent-filled shells from high-explosive shells. Recent tests have
explored the applicability of this approach to missile motor distinguishability [ 15-17].

The Frequency Response Measurement (FRM) system developed at LLNL measures the vibrational
frequency response of a test object, as a result of insonification by an acoustic hammer containing a
transducer that directly measures the impulse generated by the hammer tap. The vibration generated
by the impulse is sensed by a contact transducer located elsewhere on the test object. The ratio of the
measured vibration output spectrum to the spectrum of the hammer impulse is the transfer function
of the test object. The transfer function spectrum will exhibit peaks and valleys as a result of reso-
nances. The resonant frequencies are determined by the physical structure of the test object and the
properties of the construction materials. The spectral pattern constitutes a signature for the test
object. FRM was developed for nondestructive evaluation applications and has been tested for
missile motor tagging applications as well [ 18,19].

Low-frequency mapping/structural vibrational response (LFM/SVR) is an alternative acoustic
measurement system proposed by System Planning Corporation. In principle, LFM/SVR will oper-
ate in a standoff mode, using arrays of acoustic transducers to generate narrow acoustic beams that
can be scanned over the surface of the test object. The system can scan on both transmission and
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